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Background. Sodium glucose cotransport (SGLT)-2 inhibitors are the newest class of antihyperglycemic agents used as second- or
third-line treatment in the management of type 2 diabetes. Although the use of SGLT-2 inhibitors has not been shown to cause
nephrotoxicity, there have been case reports of SGLT-2 inhibitor use being associated with acute kidney injury. Case Presentation.
A 72-year-old woman with a history of type 2 diabetes and no known chronic renal insufficiency presented to the emergency
room with a 3-day history of nausea, vomiting, and increased somnolence. She was found to have potassium level of 7.4 (normal:
3.5-5.5) mmol/L and a markedly elevated creatinine level at 1154 (normal: 45-95) 𝜇mol/L. Imaging of the abdomen and pelvis
did not reveal any findings of obstruction. Urine microscopy showed many granular casts. In the absence of other causes for
her clinical presentation, the patient was diagnosed with acute kidney injury secondary to ischemic acute tubular necrosis, with
canagliflozin use likely an important contributing factor. Conclusions. Physicians should inform patients to stop the use of SGLT-2
inhibitors when patients are unable to maintain hydration or during acute illness. Use of SGLT-2 inhibitors in managing type 2
diabetes should be done with caution among more vulnerable populations, including individuals with cognitive impairment and
the elderly.

1. Introduction

Sodium glucose cotransporter-2 (SGLT-2) inhibitors, includ-
ing canagliflozin, empagliflozin, and dapagliflozin, are the
newest antihyperglycemic agents approved for treatment
of type 2 diabetes. The EMPA-REG trial [1] and a subse-
quent post hoc analysis of renal outcomes among patients
with chronic renal insufficiency reported that empagliflozin
reduced cardiovascular outcomes and slowed progression of
kidney disease, respectively [2]. Similarly, the CANVAS trial
demonstrated that patients treated with canagliflozin had
a lower risk of cardiovascular events and renal outcomes
[3]. The DECLARE-TIMI trial showed a decrease in the
risk of acute kidney injury (AKI) associated with the use of
dapagliflozin treatment [4].

More recently, the CREDENCE trial [5] found a sig-
nificantly decreased risk of renal outcomes which were a
composite of end stage renal disease, a doubling of creatinine
levels, or death from cardiovascular or renal causes associated
with the use of low dose canagliflozin (100mg daily) com-
pared to placebo among patients with diabetes and albumin-
uric chronic kidney disease (with an estimated glomerular
filtration rate of 30 to <90 ml per minute per 1.73m2 of
body surface area and urinary albumin [milligrams]-to-
creatinine [grams] ratio of >300 to 5000). While these
large trials have demonstrated positive impact of SGLT-2
inhibitors on renal function, findings from clinical trials are
not necessarily reflective of the realities of clinical practice.
Indeed, several case reports have linked acute renal injury
to use of SGLT-2 inhibitors including one recent report of
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acute renal injury with biopsy proven acute tubular necrosis
(ATN) associatedwith the use of dapagliflozin [6]. As a result,
the United States Food and Drug Administration (FDA)
strengthened the warning on the risk of AKI associated with
canagliflozin and dapagliflozin following assessment of these
cases [7].

The following case illustrates an example of AKI that
was exacerbated or potentially caused by the use of SGLT-2
inhibitors in a patient that was unable to maintain adequate
hydration during a viral illness. This case emphasizes the
importance of physicians to inform patients to stop the use
of SGLT-2 inhibitors during acute illness.

2. Case Presentation

A 72-year-old female was admitted to the intensive care unit
for AKI and severe shock. Her medical history included type
2 diabetes mellitus, Alzheimer’s disease, hypertension, dys-
lipidemia, gastroesophageal reflux disease, and obstructive
sleep apnea.The patient had no history of underlying chronic
kidney disease.

During the three-day period before admission to the
hospital, the patient was feeling unwell and increasingly
somnolent, had significantly decreased oral intake, and
was vomiting. She denied any fever, night sweats, or sick
contacts. There was no history of diarrhea. Her medica-
tions included valsartan, metoprolol, rosuvastatin, aspirin,
canagliflozin, sitagliptin, metformin, insulin degludec and
aspart, donepezil, citalopram, gabapentin, and pantoprazole.
Canagliflozin 300mg prescribed once daily was initiated
approximately 18months prior to presentation andwas added
to the antihyperglycemic agents that are listed.Otherwise, her
medications were not changed during the 18 months prior to
her presentation to the emergency room. She was not using
herbal products or any other over-the-counter medications
and did not ingest alcohol.

At presentation, the patient was somnolent, responding
only to painful stimuli. Vital signs at presentation were
the following: blood pressure 97/36 mmHg, heart rate
76 beats/min, respiratory rate 28 breaths/min, temperature
37.2∘C, and SaO2 97% on nasal prongs. Physical examination
was otherwise unremarkable. A Foley catheter was inserted
which revealedminimal urine output. A point-of-care venous
blood gas showed the following results: pH 7.00 (normal 7.35-
7.45), pCO2 29 (normal 37-43mmHg), bicarbonate 7 (normal
22-26mmol/L), lactate 11.9 (normal 0.5-2.5mmol/L), sodium
122 (normal 134-144 mmol/L), potassium 7.4 (normal: 3.5-5.5
mmol/L), and anion gap 48 mmol/L. There was an absence
of ketones in the urinary dipstick. Laboratory evaluation
revealed markedly elevated creatinine level at 1154 (normal:
45-95 𝜇mol/L). A complete blood count was unremarkable
except for an elevated white blood cell count with a result
of 24.5 x 109/L (normal: 4-11x109/L). Blood cultures did not
result in any growth obtained at the time of presentation. A
CT scan of the abdomen and pelvis did not show any evidence
of hydronephrosis or hydroureter. Urine microscopy showed
many granular casts. In the absence of other causes for her
clinical presentation, the patient was diagnosed with AKI
secondary to ischemic ATN, with canagliflozin use likely an

important contributing factor in the presence of a possible
viral infection that led to the nausea and vomiting.

She was immediately started on renal replacement ther-
apy. She initially received continuous veno-venous hemofil-
tration (CVVH) andwas subsequently converted to intermit-
tent hemodialysis (IHD)when she became hemodynamically
stable. The patient was anuric when the CVVH was initiated;
however during the third week of her admission, the patient
was noted to have a small quantity of urine output. Her renal
function recovered gradually after 8 weeks of IHD (Figure 1).

3. Discussion

SGLT-2 inhibitors can cause kidney function decline through
different mechanisms including volume depletion due to
excessive diuresis, decrease in transglomerular pressure, and
renal medullary hypoxic injury caused by increased distal
tubular transport [9]. These effects become further amplified
in the setting of volume depletion and underlying renal
impairment [10]. Therefore, SGLT-2 inhibitors could induce
AKI from prerenal failure caused by increased diuresis and
ATN has also been described to occur secondary to renal
hypoxic injury induced by the use of these agents [9, 11].

The FDA has raised concerns for AKI associated with
SGLT-2 inhibitor use. More recently, an analysis of the FDA
adverse event report system database found that patients with
type 2 diabetes on SGLT-2 inhibitors were at a significantly
greater risk of AKI compared to those who were not treated
with SGLT-2 inhibitors [10]. Among the SGLT-2 inhibitors,
canagliflozin was associated with the highest proportion of
renal failure. Interestingly, cases of renal failure with SGLT-2
inhibitors were four times more likely to report concomitant
use of angiotensin converting enzyme (ACE) inhibitors,
angiotensin II receptor blockers (ARBs), and diuretics, com-
pared to cases with SGLT-2 inhibitors reporting other adverse
events [10].

A meta-analysis of 55 randomized clinical trials,
performed in 2013, demonstrated that canagliflozin and
dapagliflozin usewas associatedwith an increased risk of AKI
compared to use of non-SGLT-2 inhibitor antihyperglycemic
agents [12]. The findings from this systematic review
and meta-analysis showed that patients with moderate
renal impairment had a higher incidence of renal adverse
events when treated with canagliflozin or dapagliflozin.
Furthermore, patients with normal to mild renal impairment
had a higher incidence of renal adverse events if they were
treated with the higher dose of canagliflozin (i.e., 300mg
daily). However, three subsequent large randomized control
trials studying cardiovascular outcomes associated with the
use of empagliflozin [1], canagliflozin [3], and dapagliflozin
[4] found no increased risk of AKI among individuals treated
with SGLT2 inhibitors compared to placebo. In fact, the
DECLARE-TIMI58 trial, which studied dapagliflozin, found
a decreased risk of renal events among patients treated with
dapagliflozin compared to patients treated with placebo
(hazard ratio [HR]: 0.69; 95% confidence interval [CI]:
0.55–0.87) [4]. More recently, the CREDENCE trial studied
adverse renal outcomes among patients with type 2 diabetes
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Figure 1: Graph showing creatinine levels from time of presentation until resolution of acute kidney injury.
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Figure 2: Sick day medication list. Figure adapted from Diabetes Canada [8].

and albuminuric chronic kidney disease and found that
low dose canagliflozin (100mg daily) was associated with
lower risk of adverse renal outcomes defined by a composite
of end stage renal disease, a doubling of creatinine levels,
or death from cardiovascular or renal causes (HR: 0.66;
95% CI: 0.53-0.81) [5]. These findings are further supported
by real-world data from the Mount Sinai chronic kidney
disease registry and the Geisinger Health System cohort
that assessed the risk of AKI associated with the use of
SGLT-2 inhibitors compared to use of non-SGLT-2 inhibitor
antihyperglycemic agents using propensity-score matched
analyses [13]. However, the authors acknowledge that SGLT-2
inhibitor use may be associated with AKI among high-risk
individuals, which were not studied in this observational
study cohort.

In this case report, we believe that canagliflozin played
an important causative role in our patient’s AKI in addition
to her acute viral illness, poor oral intake, and concomitant
use of valsartan. Unfortunately, it is difficult to determine
whether the AKI was caused by a prerenal mechanism as
urinary sodium levels were not obtained at presentation.
However, the microscopic urinary analysis showed many

granular casts, which suggested that the AKI was caused by
ATN. To our knowledge, this is the second case report of AKI
secondary to ATN that was associated with the use of SGLT-2
inhibitor [6].

In conclusion, this case report illustrates an example of
canagliflozin use contributing to AKI in the event of an
acute illness. Given the efficacy of SGLT-2 inhibitors and
their cardiovascular benefits, their usage in patients with
type 2 diabetes is well justified. However, given that there
are plausible mechanisms linking SGLT-2 inhibitors to AKI,
especially when having concomitant use of ACE inhibitors,
ARBs, diuretics, or other nephrotoxic medications such as
nonsteroidal anti-inflammatory drugs, amphotericin, and
radiocontrast media [9], it is important to consider this
adverse effect when prescribing SGLT-2 inhibitors.Moreover,
usage of SGLT-2 inhibitors should be done with caution in
elderly patients [14] and in patients with cognitive impair-
ment as they may not be able to maintain hydration or
remember to stop SGLT-2 inhibitors in the event of acute
illness. Finally, given that SGLT-2 inhibitor use can exacerbate
volume depletion via its diuretic effects, resulting in renal
function decline during illness, guidelines from Diabetes
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Canada have integrated SGLT-2 inhibitors as one of the class
of medications that should be stopped during acute illness
(Figure 2) [8]. As SGLT-2 inhibitors are becoming more fre-
quently prescribed due to the metabolic and cardiovascular
benefits in the treatment of type 2 diabetes, it is important for
clinicians to inform their patients of the potential side effects
to decrease the complications associated with the use of these
agents.

Abbreviations

SGLT-2: Sodium glucose cotransporter-2
AKI: Acute kidney injury
ATN: Acute tubular necrosis
FDA: Food and Drug Administration
CVVH: Continuous veno-venous hemofiltration
IHD: Intermittent hemodialysis
ACE: Angiotensin converting enzyme
ARB: Angiotensin II receptor blockers.

Disclosure

Dr. Oriana Hoi Yun Yu holds a Chercheur-Clinicien Junior 1
Award from the FRQS.

Conflicts of Interest

Mark L. Lipman received honoraria from Janssen for partici-
pating inMedical Advisory Boards. All other authors have no
conflicts of interest to report.

Authors’ Contributions

All authors were involved in the preparation, writing, and
reviewing of the case report.

References

[1] B. Zinman, C. Wanner, J. M. Lachin et al., “Empagliflozin,
cardiovascular outcomes, and mortality in type 2 diabetes,”�e
New England Journal of Medicine, vol. 373, no. 22, pp. 2117–2128,
2015.

[2] C. Wanner, S. E. Inzucchi, J. M. Lachin et al., “Empagliflozin
and progression of kidney disease in type 2 diabetes,” �e New
England Journal of Medicine, vol. 375, no. 4, pp. 323–334, 2016.

[3] B. Neal, V. Perkovic, K. W. Mahaffey et al., “Canagliflozin and
cardiovascular and renal events in type 2 diabetes,” �e New
England Journal of Medicine, 2017.

[4] S. D. Wiviott, I. Raz, M. P. Bonaca et al., “Dapagliflozin and
cardiovascular outcomes in type 2 diabetes,” �e New England
Journal of Medicine, vol. 380, no. 4, pp. 347–357, 2019.

[5] V. Perkovic, M. J. Jardine, B. Neal et al., “Canagliflozin and renal
outcomes in type 2 diabetes and nephropathy,”�eNewEngland
Journal of Medicine, 2019.

[6] C. Pleros, E. Stamataki, A. Papadaki et al., “Dapagliflozin as a
cause of acute tubular necrosis with heavy consequences: a case
report,” CEN Case Reports, vol. 7, no. 1, pp. 17–20, 2018.

[7] “FDA Drug Safety Communication: FDA strengthens kid-
ney warnings for diabetes medicines canagliflozin (Invokana,

Invokamet) and dapagliflozin (Farxiga, Xigduo XR),” 2018,
https://www.fda.gov/Drugs/DrugSafety/ucm505860.htm.

[8] Diabetes Canada, “Sick day medication list,” Canadian Journal
of Diabetes, vol. 42, no. S316, 2018.

[9] A. Szalat, A. Perlman, M. Muszkat, M. Khamaisi, Z. Abassi,
and S. N. Heyman, “Can SGLT2 inhibitors cause acute renal
failure? plausible role for altered glomerular hemodynamics
andmedullary hypoxia,”Drug Safety, vol. 41, no. 3, pp. 239–252,
2018.

[10] A. Perlman, S. N. Heyman, I. Matok, J. Stokar, M. Muszkat,
and A. Szalat, “Acute renal failure with sodium-glucose-
cotransporter-2 inhibitors: Analysis of the FDA adverse event
report system database,” Nutrition, Metabolism & Cardiovascu-
lar Diseases, vol. 27, no. 12, pp. 1108–1113, 2017.

[11] S. N. Heyman, M. Khamaisi, S. Rosen, C. Rosenberger, and Z.
Abassi, “Potential hypoxic renal injury in patients with diabetes
on SGLT2 inhibitors: Caution regarding concomitant use of
NSAIDs and iodinated contrast media,” Diabetes Care, vol. 40,
no. 4, pp. e40–e41, 2017.

[12] D. Vasilakou, T. Karagiannis, E. Athanasiadou et al., “Sodium-
glucose cotransporter 2 inhibitors for type 2 diabetes: a system-
atic review and meta-analysis,” Annals of Internal Medicine, vol.
159, no. 4, pp. 262–274, 2013.

[13] G. N. Nadkarni, R. Ferrandino, A. Chang et al., “Acute kidney
injury in patients on SGLT2 inhibitors: A propensity-matched
analysis,” Diabetes Care, vol. 40, no. 11, pp. 1479–1485, 2017.

[14] A. J. Scheen, “SGLT2 inhibition: Efficacy and safety in type 2
diabetes treatment,” Expert Opinion on Drug Safety, vol. 14, no.
12, pp. 1879–1904, 2015.

https://www.fda.gov/Drugs/DrugSafety/ucm505860.htm

